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epptation viscosities, the high viscosity „ reduced 
amounts of p,as,ici 2 er and Iesser amounts Qf 
more expensive sealant products. 9 

5 using nthtoT °' ° b ' ainin9 ^ m0 ' eCU,ar is by 

"s.r.9 h,gh molecular weight polyether diols having a low degree of 
unsaturauo u , ng ^ ^ j£ - - 

P Z e 2 BP " A °' 372 ' 561 ^ "^""WW When these 

sii b i e t ,he resu,,in9 sea,an,s « «— 

0 e Zl * ^ ,0 ° M,tte for ^ •«***- because the 

elongation ,s loo low and the 100% modulus is too high 

Th9 . pre " arati °" °f slants from mixtures of polyfunction^ and 
monofunc,,ona, sitane-terminated potyurethanes is Known and disctosed in 
US. Patenls 5 , 554 70g and 4 857 623 ^ wQ o2/oe367 However 

these references do no, disclose the use of polyether poiyots having a low 
degree of unsaturate and espartate-functiona. silanes to prepare the 

^Preparation of silane-terminated potyether urethanes from 

w~;3Th T" ' S diSC '° Sed in U S Pa ' en ' 5 ' 364 ' 955 - 
WO 98/18843. In bolh of these references the potyethers used to prepare 

ml 6 roHr d ° ^ 3 ' OW d6flree ° f ~ 
m.xtures of polyfunctional and monofunotional silane-terminated 

potyurethanes are not disclosed. Finally, in the latter reference the 
polyethers must contain 15 to 40% by weight of ethylene oxide units 
WO 00/26271 discloses the preparation of silane-terminated " 
Polyether urethanes from polyether polyols having a low degree of 
unsa.ura.ion and aspanate-functional silanes. The products are prepared 
by reacttng diisocyana.es with high molecular weigh, po,ye.her diols ,o 

lrne,?r P °' ymerS ' WWCh ^ * hen CWd Wi,h -Per.ete-func.iona, 
silanes ,o form silane-.erminated polyether urethanes. This apptication 

does no, disclose mixtures o, disilane-terminated polyether urethanes with 
polyether urethanes containing one reactive silane group 
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unCi^ ,hat a re,auve,y hi9h mon ° 0 ' — « - 
~r;rr of ,he prep ° ,ymer - - ~* - ~ 9 

^ groups each contain more than four carbon atoms 

silane Jin! 72 '! 61 diSC '° SeS P °' ye ' her eort **KI ~° «- 

stlane groups and prepared from po,yeffier polyols having a low degree of 

-saturation. ,n addition, pother urethanes containing one reale 
-an. group are disclosed. This appiication fails to oisclose ,he u To, 
aspartate-functiona, silanes to incorporate the reactive silane g^ups 
The deficiencies of the preceding sealants were overcome in ' 
copendmg applications, U.S. Serial Nos. 10/690,751 10/690 955 
10/-.956, 10/690,95, and ,0/690,931, which descnhe m 0 i Lcurable 

ZZ «r iWI P °' yether ~~ bot h polyethe 

urethanes having two or more reactive silana groups and polyether 
un*hanes having one reactive silane group. The moisture-curable 
polyether urethanes are suitable for use as sealants, adhesives and 
coatings which possess high tensile strengths and elongations and have a 
reduced ,00% moduius when compared with existing products 

In the copending applications the polyether urethane component 
containing two or more reactive silane groups is prepared from high 
molecular weigh, po.yether polyols having a low degree o, unsaturate In 

one LI S ' 3 POrti0n °' ~ "~ — — ^ a, ieas 
one of the two components are incorporated by the use of silanes 

containing secondary amino groups. Finally, the poiyether urethane 
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components describee, in the copending appNcations are rf 
eparafely and subseguently blended ,o form ,be moisture cZe 
polyether urethanes according ,o the invention 

5 processTs ndin ,! aPP ' iCa ' fon ' "° 1 ° ,69 °' 953 *«*- a 

P ooess for s,mu„aneously preparing moisture-curable polyether 

urethanes containing a mixture of polyether urethan- 

two or more ,■»=-,• P°V«ner urethane component having 

havin onT f ^ ^ 3 «" P°nem 

Z " I™ 0 ™ T 9r ° UP inS ' ead * bei " 9 -P-XUy 1 

m,xed. The mixture of polyether urethanes retains all of the valuable 

A disadvantage of the moisture-curable polyether urethanes 
described in the preceding copending applications is ,ha, they are no, 
storage stable a, moderately elevated temperatures of 50 to Jc w ich 
may be present in a drum stored in a ho, climate 

proca^r^ 09 '"' " " " ^ ° f PreSem imen,i ° n '° P^ide a 
pZc PrePari " 9 m0iS * Ure - CUraWe P^ether ure,hanes a, iower 

e.r,eoTe::r; ,ies ' in which ,he resu,,in9 ^ - — — * 

elevated temperatures and also retain all o, the vaiuable properties of the 

i e err disc,osed in ,he *— * ~ 9 ajpiica,:: 

re the products are suitable for use as sealants, adhesives and coatings 

r :::::r ish ,ensi,e stren9,hs - — -~ - • 

This object may be achieved with the process of the present 
invention in which the moisture-curabie polyether urethanes containing a 
mtxture of polyether urethane component having two or more react" 
s lane groups and a polyether urethane component having one reactive 
stlane group are prepared slmu , (aneous|y gnd h ^ ^ ^ 

urethanes contain terminal cydic urea/reactive silane groups 
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:r:r: e 9r r de ~ ba * - -v::zr 

cyclic ureT deCom P° sifo " " Prevented by converting the non- 

cycc « groups , nt0 ^ urea grogps ^ (herma| « 

-he pro« s T 8 '^ ' hat PO ' ye,her Ure,haneS — *« to 

pols M :r Sert ,nVen "° n b9 "« <° P-P- -red 
3 con! ! Pr ° PertieS 38 m0Se ° btained a ~°*ance with ,he 

be exp Ce d t0 result in |ess M ^ ^ ^ 

same eiongation end 100% modulus es cured resins prepared from 
Polyether urethanes containing non-cyclic urea groups 

SUMMARY nr t HE INVFMTinM 

cura b , e The r!r nt ' nVen ' i0n re ' a,eS '° 3 PrOC6SS ,OT « ™*ture- 

curabie polyether urethane containing terminal cyclic urea/reactiye silane 
Sroups by reacting a, an NCO:OH equivalent ratio of 1.5:1 to 2.5 1 
a) a hydroxyl component containing 

i) 20 to 1000/0 by weight, based on the weight of component a) 
of a polyether containing two hydroxyl groups and one or 
more polyether segments, wherein the polyether segments 
have a number average molecular weight of at least 3000 
and a degree of unsaturation of less than 0.04 
milliequivalents/g, provided that the sum of the number 
average molecular weights of all of the polyether segments 
per molecule averages 6000 to 20,000, and 
f) 0 to 80% by weight, based on the weight of component a) of 
a polyether containing one hydroxyl group and one or more 
polyether segments having a number average molecular 
weight of 1 000 to 1 5,000, with 
b) an isocyanate component containing 
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20 to 1 00% by weigh,, based on the weigh, of component b, 
of a compound containing two isocyanate groups and 
»> 0 ,o 80% by weigh,, based on ,he weigh, of co^en, „> of 

-ocyana.e-reac.ive groups o,0. 8 :i to with 

0 a compound con.aining an isocyanate-reactive group and one 

r/r si,an : 9roups in **- at — 1 ° — « « -jl. c , 

is a compound corresponding to the formula 
COOR 2 

R,OOC-CHR 3 -CR4-NH-Y-Si— (X) 3 (I) 
wherein 

X represents identical or different organic groups which are 
inert to isocyanate groups below 100°C, provided that at 
least two of these groups are alkoxy or acyloxy 
groups, 

V represent a iinear or branched alkylene group containing 1 
to 8 carbon atoms, 

Ri and R 2 are identical or different and represent organic groups 
wh.ch are inert to isocyanate groups at a temperature of 
100°C or less and 

R 3 and R 4 are identical or different and represent hydrogen or 

organic groups which are inert towards isocyanate groups at 
a temperature of 100°C or less, 
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cuve silane groups corresponding to formula II 



9 Y ' S, '(Xfe 
H . i^N^° («) 




and converting the non-cy* urea groups to cyclic urea groups by 
^acting the intemiediate ^ ^ 

catalyst and hea, to form termina, cycle urea/reactive silane groups 
corresponding to formula III and/or formula IV 




9 Y -Si(Xb 




Formula III 

DETAILED DESCRIPTION nj= TUr .^w Fr(T|or , 

orouo- 1"*"^ PreSen ' inVen "° n ' he ' erm " reaCtive 

group means a s „ane group containing at least two alkoxy or acyloxy 

groups as defined by substituen. -X". A silane group containing two or 

three alkoxy and/or acyloxy groups is considered to be one reactive silane 

group. Also, a urethane is a compound containing one or more urethane 

and/or urea groups. These compounds preferably contain one or more 

urethane groups and may optionally contain urea groups More 

preferably, these compounds contain both urethane and urea groups 
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The isocyana.e-con,aining reaction products used for preparing the 
= , olye(her ure(hanes ^ ^ prepare P P J*. 

pooler d T T mP ' e ' ,h6y ^ ^ by a - 

poiyether d,ol a-,) and poiyether monooi a-ii, with an excess of 

con^t M ' '° '° rm ^ ist ~~™g reaction product 
con,a,n,ng NCO preparers and monoisocyana.es formed by ,ne reaction 
of one I f . dj| , ocyanate wi(h _ mo(e ^ a V 

en^od m en, polyether monoo, a-ii) is present in an amount of a, teas, 
1 0 /o by weight, based on the weight of component a) 

arP nJn emb0dimen ' iS0 ^ na — taining reaction products 

are prepared by reacting poly9th6r diol with an excess of ^ 

M and monoisocyanate b-ii, to form an isocyanate-containing reaction 
product containing NCO prepotymers and monoisocyana.es formed by the 
reason of one mo,e of a monoisocyanate and one mote o, a diisooyanate 
w,.h one mole of a poiyether diol. In this embodiment monoisocyanate b-ii) 
•s present in an amount of at leas. 10% by weight, based on the weigh, of 
component b). 

It is also possible to use a combination of the preceding processes 
m wh.ch both poiyether monools a-ii) and monoisocyanates b-ii) are 
20 present. 

The isocyanate-containing reaction products are prepared by 
reacting the isocyanate component with the poiyether component at an 
NCO.OH equivalent ratio of a 1.5:1 to 2.5:1, preferably 1.8:1 to 2 2 1 and 
more preferably 1.9:1 to 2.1:1 and most preferably 2:1. It is especially 
preferred to react one mole of the isocyanate component for each 
equivalent of hydroxyl groups. 

When preparing the isocyanate-containing reaction product from 
dusocyanate b-i), poiyether diol a-i) and poiyether monooi a-ii) at an 
NCO:OH equivalent ratio of 2:1, the reaction mixture contains the 2/1 
adduct of the diisocyanate and diol; minor amounts of higher molecular 
we,ght oligomers, such as the 3/2 adduct; a monoisocyanate, which is the 
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11 adduc, of me monool and diisocyanate; non-funciona, po, ymers ^ 
are formed by the reaction ot ^ mo|ecu , es „ ^ ^ ^ era, wt,,ch 

L oot ^ r diiS ° Cyana,e; Vari ° US Pr ° dUC,S ™^ «** ** and 
mono 0( and a minor amoun( ^ unreac(ed 

To I! diS "" a,i ° n ' ° r WWCh h - -c«on mixture 

To form the moisture-curable polyether urethanes according to the 
~" the isocyanate-containing reaction p ro ducts are reacted w m 

3n U r C> COn ' ainin9 ~ Si ' ane * ~« ratio o 

tsocyanate groups.o isocyanate-reactiva groups of 0.8:1 to 1 1 1 

10 Preferabl! ' a9 ' 1 «° .1 05:1 and more preferably about M " ' 

The moisture-curable polyether urethanes may also be prepared by 
react,ng an excess of diisocyanates b) with aminosilanes c) to form a ' 
mono.socyanate and then reacting the resulting monoisocyanate with a 
m,xture of polyethers a-i, and a-ii, to form the polyether urethanes 

The moisture-curable, polyether urethanes obtained according to 
the process of the present inyention contain polyether urethanes A, which 
contam two or mora, preferably two, reactive silane groups, and polyether 
urethanes B), which contain one reactive silane group. Also present are 
Polymers C). which are the reaction products of unreactad isocyanates b) 
w,.h aminosilanes c>. Polymers C) are preferably present in an amount o, 
less then 5% by weight. 

The reaction mixture also contains non-functional polymers D) 
wh,ch are formed by the reaction of two molecules of the monool with one 
molecule of the diisocyanate, two molecules of the monoisocyanate with 
one molecule of the diol, or one molecule of the monool with one molecule 
of a monoisocyanate. Non-functional polymers D) are general.y present in 
an amount of less than 30% by weight. 

In accordance with the present invention it is also possible to adjust 
the NCO.OH equivalent ratio to form additional amounts of non-functional 
polymers D) are formed from the reactants as previously described 
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according to the Lr o S n e * he ™"-~->* Polyether ur9thanes 

5 oroov, SUilab ,' e PO ' > ' e,here ** 35 C ° mPOnent "><** polyoxy- 
y weignt, based on the weight of component a i\ of ™i *u. 

::r;rr ,han 2 **- ~ - -xirr: or 

It' 7 fBrably ° ne ' P*—' ^en, having a number avera 9 e 
mo,ecu.ar weigh, of 3000 to 20,000, preferably 6000 «o 1 5 00 and mo 

' : eferab,y8000to1 ^°When,hepo ly e t hersegmen^ 
segments must be present m ih=t th. , 

ofallof,h» , (U PSentSOthatlh s number average molecular weights 
of a., of the polyether segments per molecule averages 6000 ,o 20 000 

some POly °' S ** PreParin9 P ° ,ymerS a) are l»W polyols in 

some cases polyoxypropylene pdyols, in many instances diols having . 

umber average molecular weigh, of 3000 to 20,000, preferably Z o 

15,000, and more preferably 8000 to 12,000. The po,ye,hers can have a 

m ax,mum ,o,a, degree o, unsa,ura,ion of less ,han 0.04 millieguivalenfe/g 

n some oases less ,han 0.02 me q/ g (megfg, in o,her cases less than ' 

ulr? m some si,ua,ims ° 007 meq/a ° r >***■ t - ™ of 

unsaturate w„, vary depending on ,he me,hod used ,o prepare ,he 
polyether as well as the molecular weigh, of the polyerther Such 
polyether diols are known and can be produced, as a non-.imi.ing 
example, by the propoxylation of suitable starter molecules. As another 
non-Wting example, minor amounts (up ,o;20% by weigh,, based on the 
we,gh, of the polyol, of ethylene oxide can be used. „ ethylene oxide is 

oTuos r T USSd " ini " a,0r ° r '° ^ me <** 

such T; 9 e><amP ' eS " SUi,able S ' arter m ° lecules '"dude diols 
uoh as ethylene glycol, propylene glycol, 1,3-butanediol, 1,4-bu.anedio, 

1,6 hexanedio, and 2-e,hy,hexanedio,-1 ,3. Also suitable are polyethylene 
glycols and polypropylene glycols. 
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descrtbeTfT mem ° dS ^ PrePariR9 P0 ' ye,her P0,yols « k "°wn and are 
descnbed, for exampla, in EP-A 283 148, US . A 3 278 45? 

US-A 3 427 256, US-A 3 829 505. US-A 4 472 560 US-A 3 278 45fi 
5 USA 3 427 335 ' 

3 US-A 3 427 335 and US-A 4 w i«n T u 

-uble me,a, cyanides as cl^sls " " ^ — 

In addition to the polyether polyols, minor amounts (up to 20% bv 
we,gh, based on the weigh, of th e poiyoi, o, iow moiecuia we ghto ydric 

uLd sTb, a,C ° h0,S haV ' n9 3 m0,eCUter Wei9W 32 10 500 « 
used. Suitabie exampies include ethylene glycol, 1,3-bu.andio, 

1.4-bu antfol, 1,6-teandiol, glycerine or trimethylolpropane. However the 
use of low molecular weight alcohols is less preferred. 

Polyethers a-i) are present in a amount of 20 to 100% by weight 
When polyether monoois a-ii, are used as the sole monofunciona, 
component, polyethers a-i) are present in a minimum amount of 20% by 
we,ght. preferably 30% by weigh, and more preferably 40% by weigh, and 
a maxtmum amoun, of 100% by weigh,, preferably 90% by weigh,, more 
preferably 80% by weigh, and mos, preferably 70% by weigh, The 
preced,ng percentages are based on me total weight of polyethers a) 

Su„able polyether monoois a-ii) are polyether monoois having a 
number average molecular weight of 1000 to 15,000, preferably 3000 to 
12.000 and more preferably 6000 to 12,000. The polyether monoois are 
prepared by the alkoxylation of monofunctiona, starting compounds with 
alkylene oxides, preferably ethylene oxide, propylene oxide or butyiene 
ox.de. more preferably propylene oxide. If ethylene oxide is used, it is used 
tn an amount of up to 40% by weight, based on the weight of the 
polyether. The polyethers are preferably prepared either by the KOH 
process or by mixed metal cyanide catalysis. The latter process results in 
products with low a degree of unsaturate. 
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5 situations 0.007 meo/a or tk ^ SOme 

> P o, yo ,s by the p roPOxy(ation of 9 suitab : ;, r the 

macule, ,n ano,her non-limiting exampte , minor amounts (o 2Q% 

as he «I P ye ' herS ** *"""» ° Xide " «* « « - — 
the Mr for or to oap the po lyP ropylene oxide groups 

Examples of suitable starter molecules include aliphatic 

cycloaliphatic and araliphatic alcohols, phenol and substituted phenots 

uch as methanol, ethano,, tbe isomeric propanols, butanols, pentants 

asnonylphenol,2-ethylhexanolandamixtureofC, 2 toC, 5 linear ori ms ,n 

alcohols such as a„y, alcohol; and hydroxy functional esters such as 
hydroxyethy, acetate and hydroxyethy, achate. Prefer are the higher 
-lecular weigb, monohydroxy compounds, especially nony, 
mixtures of C, 2 to C 15 , linear, primary alcohols. 

When polyethers a-ii) are present as the sole monofunctlonal 
component, they are present in a minimum amount of 0% by weight 
preferably 10% by weight, more preferably 20% by weigh, and most' 
preferably 30% by weight, and a maximum amount of 80% by weight 
preferably 70% by weight and more preferably 60% by weigh, The ' 
preceding percentages are based on the ,o,al weigh, polyethers a, 
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Suitable isocyanates b-i) include the known monomeric organic 
2cvana.es represented b y the formula, R(NC0 > 2 , in which R^ants 
an organic group obtained by removing the isocyanate groups from an 

140 to 400. Preferred diisocyana.es are those represented by the above 
ormula ,n which R represents a divalen. aliphatic hydrocarbo group 
havtng fron, 4 to 18 carbon atom, a divalen. cycloaliphatic hydrocarbon 

hydrocarbon group having front 7 to 15 carbon atoms or a diva.en, 
» aroma.,c hydrocarbon group having 6 to 15 carbon atoms 

Examples of suitable organic diisocyanates include 1 4-tetra- 

^hexr tT yana,e ' 1 - 6 *™*'- 2.2,4-tome.hyl- 
.^axame.hylened.isocyana.e, 1,,2-dodecame.hylene diisocyanato 
eye onexane., , 3 . and , 4 ^ iisocyanate i,socyana.o-2-isocyanatome hy, 
cyc,open.ane,1-isocyana.o-3-isocyana.ome.hy,-3,5,5-,rime,hyl- 
cyclchexane (isophorone diisocyanato or IPDI), bis-(4-isocyana.o- 
cyc,ohexy„. m e,hane, 1 ,3- and 1 .4-bis-(isocyana,ome.hy„-cyc,ohexane 
b,sH4Hsocyana,ocyc l o^exy l )-me.hane,2,4-diisocyanato-dicyc,ohexy, 

methane b is-(4-isocyana»o-3-me,hyl-cyc,ohexy,)-me,hane,a.«,a',a'-.e^a- 
methyl-1,3- and/or -1,4-xy.ytene diisocyanato, 1-isocyanato-1-rne1hyM< 3 ). 
■socyanatomethy, cyclohexane, 2,4- and/or 2.6-hexahydro-to,uy,ene 
dtisocyanate, 1,3- and/or 1,4-phenylene diisocyanato, 2,4- and/or 
2.6-,o,uy,ene diisocyanato, 2,4- and/or 4,4'-dipheny,me,hane diisocyanato 
and 1,5-dnsocyanato naphthalene and mixtures thereof. 

Monomeric polyisocyanates containing 3 or more isocyanate 
groups such as 4-isocyanatomethyl-1,8-octamethylene diisocyanato and 
aromattc polyisocyanates such as 4.4',4»-,riphenylmethane triisocyana.e 
and polypheny! polymethylene polyisocyanates obtained by phosgenating 
an, ne/forma,dehyde condensates may also be used in an amount o, up to 
20 /. by weight, based on the weight of isocyanates b). Also suitable 
although less preferred, are polyisocyanate adducts prepared from the 
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preceding monomeric polyisocyana.es and containing isocyanurate 
-«.ona b i uret . urethane, allopnana(e iminooxadia |ne 

oarbod„m,de and/or oxadiazinetrione groups 

5 methaneToT dNSOCyana ' eS ^-isocyana.ocyclohexy,)- 
methana, 1.6-haxame t hy,ane diisocyanate, isophorona diisocyanate 

d,,socyana, e . Especially preferred ara isophorone diisocyanate 

Diisocyanatas b-i) ara prasan. in a amount of up to 1 00% by weigh. 
When monoisocyana.es b-ii, ara usad as tba so,a monofunctiona, 
component, diisocyanatas b-i) ara prasant in a minimum amount of 20% 
by we.gh .preferably 30% by waigb, and mora prafarabty 40% by waigb, 
and a max,mum amount of 100% by waight. prafarabty 90% by weigh 
mora prafarabty 80% by waigb, and most prafarabty 70% by waigb, L 
pracad.gpercan.agas ara based on tba .ota, waigb, of isocyanls b) 
Suitable isocyanates b-ii) include .hose corresponding .o ,be 

0 I! o r (NC ° ) : Wherei " " ' S dSfined 35 ~V sa, forth with regard 
* the organic dnsocyana,as. Sui,ab,a monoisocyana.es include those 

Z7soT T T diiS ° Cyana,9S PreViOUS ' y ~ f ° rth 

bu«yl isocyanate. hexy, isocyanate, oc,y, isocyanate. 2-ethy,hexy, 

taocy, , jsocyana(e cydQhexyi jsocyana(e ^ 

and benzyl isocyanate. 

When monoisocyanates b-ii) are present as the sole 
myofunctional componen,, they ara present in a minimum amount of 0% 
by weight, preferably 10% by weigh., mora preferab,y 20% by weigh, and 
most preferably 30% by weigh,, and a maximum amount o, 80% by 
weight, preferably 70% by weigh, and mora preferably 60% by weigh, 
The preceding percentages ara based on the total weight isocyana.es b, 
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Suitable compounds c) containing reactive silane groups are those 
corresponding to formula I P th ° Se 



COOR 2 

RiOOC-CHRs-CR^-NH-Y-Si— (X) 3 (l) 



wherein 
X 



represents identical or different organic groups which are inert ,0 
Kocyana.e groups beiow 100-C. provided that a. least two of these 
groups are alkoxy or acyloxy groups, preferably alkyl or alkoxy 
Sroups having 1 to 4 oarbon atoms and more preferably alkoxy 
groups, 

Y represents a linear or branched alkylene group containing 1 to 8 
carbon atoms, preferably a linear group containing 2 to 4 carbon 
atoms or a branched group containing 5 to 6 carbon atoms, more 
preferably a linear group containing 3 carbon atoms 
Ri and R 2 are identical or different and represent organic groups which 
are inert to .socyanate groups at a temperature of 1 00»C or less 
preferably alky, groups having 1 to 9 carbon atoms, more preferably 
alky, groups having 1 to 4 carbon atoms, such as methyl, ethyl or 
butyl groups and 

Ra and R 4 are identical or different and represent hydrogen or 

organic groups which are inert towards isocyanate groups at a 

temperature of 100°C or less, preferably hydrogen. 

Especially preferred are compounds in which X represents 

methoxy, ethoxy groups or propoxy groups, more preferably methoxy or 

ethoxy groups, and Y is a linear group containing 3 carbon atoms 

The compounds of formula I are prepared by reacting aminosi.anes 
corresponding to formula V 



H 2 N-Y-Si— (X) 3 (V) 
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with maleic or fumaric acid esters corresponding to formula VI 



RiOOC -CR 3 =CR 4 -COOR 2 



(VI) 
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acyjTa amin ° alkyl aminoaiky, 

cy xy-'anes corresponding ,0 formula V lnol.de 3-aminopropyi- 

naoyioxy „ane, ^minopropyl-methy.dimeth oxysilane; 6-ami nohexy, 
»Vs„ane; 3-aminop r opy,™thy,die,hoxysi,ane; sj^, 

buty.- me,hoxys„an e ; and a-aminopropyi-triisopropoxysilane. 3-amL- 

and 3.minopropyMnethoxysi,ane are particu.arty 

sui,a b ,.T mP ' eS °' ° P ' i0na " y ma,ei ° ° r fUmaric acW -ar s 

suable for preparing the aspartate silanes indude the dimethyl, die.hy1 

«uw (e.g.. di-n-buty,,, diamyl, «^ esters and m ^ ^ 
based on mixture of these and/or other a lk yl groups of maleio aoid and 
fumanc aoid; and the corresponding maleic and fumaric acid esters 
substituted by me, hy , in the 2- and/or 3-posifion. The dime,h yl , diethy, and 
d.butyi esters of maieic acid are preferred, white the die.h y , esters are 
especially preferred. 

The reaction of primary amines with maleic or fumaric acid esters to 
form the aspartate silanes of formula III is known and described e g in 
U.S. Paten, 5,364,955, which is herein incorporated by reference ' " 

The compounds corresponding to fonnula I are preferably used as 
component o). To obtain the benefits o, the present inyention, they should 
be present in an amount of at least 10% by weight, preferably a, leas, 30% 
by weight, more preferably a. leas. 50% by weight and most preferably a. 
leas. 80% by weigh., tn addiHon .0 the compounds of formula I. which are 
requ,red according, .0 the present invention, component o, may also 



f 
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contain aminosilanes that do not correspond to formula , = „ 
corresponding to the formula ' SU ° h 35 ,h0se 



5 wherein 

X and Y are as previously defined and 

^ i~ S hydr ° 0en " " ° r9aniC 9rOUP * WCh * -» <° 

■socyanate groups a, a temperature of 100°C or less, provided tha, 

22T : suodnate 9roup ' preferab * - 

p i i ° r ar0ma " C 9r ° UP haV ' n9 1 '° 12 Ca *- —» and more 
P^erably an alky,, cycloalkyl or aroma , (c group < (q g 

carbon atoms, or R 5 represents a group corresponding to formula 



-V~Si-(X,3 (V|[|) 



Examples of suitable aminoalky, alkoxysilanes and aminoalkyl 
acy,oxys„anes of formula VII, which contain primary amino groups are the 
compounds of formula V tha, have previously heen described as suZ le 
for prepanng .he aspartate silanes of formula I 

Examples of suitable aminoalky, alkoxysilanes and aminoalky, 

,n Z 71 T " f0m,Ula V "' Wh ' Ch COntai " -*» 

.nc ude N-pheny,aminopropy,,nme,hoxysi,ane (availabie as A-9669 fnom 

OS, Corporation,, bis-( r -,rime.hoxy si |y,p ropyl)amine (avaj|ab|e 

from OS, Corporation,, N-cyclohexy,aminopropyl- tri e,hoxysi,ane 

staTe t ^r Py, ' trimSth0XySna " e ' ^^-inopropyl-trimethoxy- 
s lane. N -bu,y,am,nopropy,., r ,acyloxysi,ane, 3-(N^,hy,,amino-2-me,hy,- 
propy,*me«hoxysi,ane,4-(^,hy„amino-3,3-dime,hy,bu.y,-,rime,hoxy- 
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silane and the corresponding alkyl diethoxy aJkvl dimotn 



S/(X) 3 



H 




H+ 



9^or 2 or ' 

Formula II 




or 




H R 3 6 
Formula IV 



The reaCon is carried out in the presence of a catalyst and heat. Suitable 
catalysts are Bransted acids, such as mineral acids, carbolic acids 
sulfonic acids and phenols. Preferred catalysts are carboxylic acids, such 
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H.gher temperatures accelerate the conversion of th* n 

-Con times, but aiso result in ^ -* short 

The conversion of non-cydic urea groups into cyoiio urea groups is 
a om panied by tne re , ease Qf a mo|e Qf a|cohQi from ° - 

I Lr;:;r a,c ; ho ' and ,he ca,a,yst - — — - ^ - 

5 P r r« Z T y vacuum dis,i " a,ion ' or ,hey ran be te « in - 

the JOl ' ranSe,herifiCa,i0n react '° n « be used to alter the reactivity of 
the polyether urethanes according to the invention. For exampie if a 
methoxysi.ane group is converted to an ethoxysiiane group 2 a 
butoxys ane group , the reactjvity ^ 

be s Ubs antlal|y re , uced To (he ^ k ^ J w,„ 

result,ng alkoxys.iane groups will be substantially increased 

may ^ cured ,n the presence of water or moisture to prepare coatings 
adhes,ves or sealants. The compositions core by .,i,ane pCycondensation" 
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from , he hydrolysjs of alkoxysj|ane (o 

:r ~ on wi,h ei,her si - oH ° r sksr — - 

Suitable acidic or basis catalysts may be used to promote the 

z:,ir r mp,Bs inc,ude a * ds ^ - ~* * - 

,1? Sa " S 38 ^ " n —*! amines such as 

tnethytamine or triethyiene diamine; and mixtures of these catalysts L 
Previous* disclosed. ,ow molecuiar weigh, basic aminoalkyT " 6 

The one-component compositions generally may be either solvent- 
free o r comain up to 70% preferab[y up (o 6Q% Qrganjc ^ 

on the we, 9 h, Che one-componen, composition, depending upon the 
pamcular application. Suitable organic solvents include those which are 
known from either from polyurethane chemistry or from coatings 
chemistry. 

The compositions may also contain known additives, such as 
leveling agents, wetting agents, flow control agents, antiskinning agents 
an,„oaming agents, filters (such as cha,k, lime, flour, precipitated and/or' 
pyrogenic silica, aluminum silicates and high-boiling waxes), viscosity 
regulators. plastici 2 ers, pigments, dyes, UV absorbers and stabilizers 
against thermal and oxidative degradation. 

The one-component compositions may be used with any desired 
substrates, such as wood, plastics, leather, paper, textiles, glass 
' ceramics, plaster, masonry, metals and concrete. They may be applied by 
standard methods, such as spraying, spreading, flooding, casting, dipping 
rolling and extrusion. 

The one-component compositions may be cured at ambient 
temperature or at elevated temperatures. Preferably, the moisture-curable 
compositions are cured at ambient temperatures. 
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bv , he « inVenHOn ,S fUrth6r i,,USha,ed bu ' is n °< ir ™ to be limited 
by the following examples in which ell parts an n ^ . 

unless otherwise specified images are by weigh. 



10 



15 



20 



25 



30 



unless otherwise specified. 

EXAMPI 

EaParatiorvof.silane F,,nr,inn 3l A- nrtmI 
4 364 9«TTr e8in ^ PreParSd aCC ° rdinS '° U S 

Corporation). The addition funnel was used ,o admit 423 2^7 
~ s) of die(ny| malea(e oysr g ^ ^ ^ ^ 

the reactor was maintained a, 25°C during the addition. The reactor was 
mamtainec a, 25'C for an additional «ve hours a, which time the prodTc 

I T 9 ; r : unsa,ura,ion ^ wa * ° 6 « 9 - 

was ~99% complete. 

Polvethpr Hinl f 

A polyoxypropytene diol (Acclaim 12200, unsaturate = 0 007 
meq/g available from Bayer Corporation) having a functionality of 2 and an 
equivalent weight of 5783. an 

Polvether mnnnnl 1 

203 g (1 .00 eq) of Neodol 25 monool (available from Shell 
Chemical) were charged to a stainless-steel reactor Zinc 
hexacyanocobaltate-tert-buty, alcohol complex (0.143 g, prepared as 
described in U.S. Patent No. 5.482,908, was added and the mixture was 
heated with stirring under vacuum at 130'C for one hour to remove traces 
of water from the monool starter. Propylene oxide (8547 g, 194.2 eq) was 
■"traduced into the reactor over 6 hours. After the epoxide addition was 
completed, the mixture was heated to 130'C until no further pressure 
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20 



25 



30 



ZZIT V3CUUm SWpped an « drained 

from the reactor. The resulting pother had an OH number of 6 4 an 

5 

E«J - Preparation of Cyclic Urea/Reactive Silane Terminafed 
Polyurelhane (STP, 1 , n sHu from a 74;26 dio(:monoo| ^ 

AS l,ter round bottom flask was fitted with agitator, nitrogen inlet 
t enser heater and addition funnei. ,n,o the flask were char e 2 9 3 

4 7 a o° TT° ne diiS °~' 269169 ( ° 47 «» °<>°ly^ dioM 
» 6.7 9( 0,1 ^ofpoiyetharmonoo.aandO./agofdibutyi.indHaura.e ' 
The . reaction was heated to 60'C for 8 hours un,i, the NCO content was ' 
0.58/0 (theoretical = 0.63%). 202.2g (0.55 eq) of silane funotionai 
aspartate 1 were added and the flask was heated a, 60°C for an additional 
1 hour un.„ no NCO remained as determined by an ,R spectrum. 1 9 9 g of 
glaaal acetic acid were added and the temperature was raised to 1 10 °C 
The reaction mixture was held at 1 1 rrc for three hours until an IR 
spectrum showed the urea peak had disappeared and a cyclic urea peak 
had appeared. 19.8 g of vinyl trimethoxysilane were added as moisture 
scavenger; and 9.9 g of butylated hydroxy toluene and 6. 1 g of Naugard 
445 (available from Crompton) were added as antioxidants.. The resulting 
product had a viscosity of 54,000 mPa.s at 25°C. 

CamEaraib.^xamglea - Preparation of Non-Cyclic Urea/Reactive Silane 
Terminated Polyurethane (STP) 2 in situ from a 74:26 dioCmonool mixture 

A 3 Irter round bottom flask was fitted with agitator, nitrogen inlet 
condenser, heater and addition funnel. Into the flask were charged 80 0 g 
(0.72 eq) of isophorone diisocyanate, 16804 g (0.31 eq) of polyether diol 
1. 591.7 g (0.07 eq) of polyether monool 2 and 0.53 g of dibutyltin 
dilaurale. The reaction was heated to 60X for 8 hours until the NCO 
content was 0.60% (theoretical = 0.62%). 126.4 g (0.34 eq) of silane 



10 



PO-7632 23 

spectrum. 5.5 g o, v,ny, trimethoxysilane were added as moisture 

Into unlined steel cans were placed 300 q of site™ p 
each resin were placed Into a 90°C Ln n ^ ° f 

sets forth the change In viscosity over the testing period. 



15 




20 



25 



Formulation of Siiano Sealants 

fe „n • ^ STP ' S PreP3red ln SltU W6re formu,ated into Plants using the 
following typ,cal formulation and procedure. 

Procedure 

The following is .he standard sealant formulation and procedure 
used to formulate all of *e STPs for testing. Values given for each 
formula component are percent by weigh, of .he total formula weigh. A 
high-speed centrifugal mixer was used to mix .he formulation components 
the steps given below. Each mixing period was one minute in ,eng,h at a 
speed of 2200 rpm. " 
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Step 1 : 

To a clean dry mixing container were charged the following- 
S "TP 37.5 
Plasticizer 175 
Adhesion Promoter 0.8 
Catalyst 0.1 
Desiccant 0.5 

The ingredients were mixed for one minute in length at a speed of 
2200 rpm. 

Step 2 : 

A portion of the filler was added to the mixing container . 
Filler 23.6 

The ingredients were mixed for one minute at a speed of 2200 rpm. 

Step 3 : 

The remaining filler was added to the mixing container. 
Filler 20.0 

The ingredients were mixed for one minute in length at a speed of 
2200 rpm. 

Step 4 : 

The side of the mix container was scraped and the ingredients were 
mixed for one additional minute at a speed of 2200 rpm to 
incorporate all of the filler into the mixture. 

Step 5 : 

The resulting product was degassed at 50°C and under full vacuum 
(>28 mm Hg) for one hour. The material was used immediately. 
Exxon Jayflex DIDP was used as the plasticizer. An aminosilane 
(Silquest A-1 120, available from OSI Corporation) was used as the 
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15 



adhes.on promoter. A vinyltrimethoxysilane (Silouest A 171 . 
OSI Corporation) was used as the JesiccafT^ & 
Minerals Ultra P Flex precipitate ' U88d W3S Specia,t V 

0.07 micrnno ^ 7™ ^'^ CarDOnate ^an particle size of 
s;. ne catalyst used was dibutyltin dilaurate. 

The sealant formulations were cast onto 0 25 inch thick 
^ethylene sheets and cured at standard conditions 2 « w 
relate humidity for at least two weeks before testina Ten! , ! 
Percent elongation and 100°/ m nH , 9 ' * Str6ngth ' 

D-624 The resl ar f? ^ to AS ™ 

resu,ts are set f orth in the following table. 

Comparative Q T p o K rrnm 1 P 1 Rr »d 



Example 



4 
5 
6 
7 



Cyclic Urea 

STP 1 
Initial (No 
Heat) 
1 Wk @ 70C 
1 Wk @ 90C 
4 Wks @ 70C 
. 4 Wks @ 90C 



8 

9 
10 
11 
12 



Urea STP 2 
Initial (No 
Heat) 
1 Wk @ 70C 
1 Wk @ 90C 
4 Wks @ 70C 
4 Wks @ 90C 



Percent 
Elongation 

— _I%L_ 


Tensile 
Strength 
(psi) 


100% 
Modulus 
(psi) 


Tear 
Strength 
(pli) 


244 


309 


179 


31 


259 
256 
265 
288 


356 
319 
342 
312 


187 
178 
177 
171 


31 
32 
34 

32 J 


Percent 
Elongation 
(%) 


Tensile 
Strength 
(psi) 


100% 
Modulus 
(psi) 


Tear 
Strength 
(Pli) 


379 


311 


144 


28 


221 
10 
98 
10 


78 
10 
44 
10 


46 
10 
39 
10 


7 
5 
11 
5 
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grouT and C ° nW ™ 9 termma ' ™-«ve silane 

~ ~„:r T ocess a ™ 9 *° - • - 

terminal nonT r ^ " Urethanes ™***ig 

p -na, non-cycl,c orea/reactive si(a ne groups an. prepared by the - n situ 

Although the invention had been described in detail in th» , 

skTl T ^ ^ ,hat Varia ' i0nS ra " be made "h-n by those 
sMIed ,n the art v.thou. departing from the spirit and scope of the 

■nvenfon except as it may be tailed by the claims 
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ureth J ' A PrOCGSS PreParin9 3 mois ^e-curable, polyether 

crrr^ssr ~ e si,ane 9r - : - 
« *> - r; a :i c t r n ::r enl ra,io of 15:1 ,o 

of a polyether containing two hydroxy, groups and one or 

hale aT^ """^ " - PO ' ye ' her -"»"<• 

0 17 h a " 6rage m0 ' eCUlar Wei9h ' * at teast 3000 

and a degree of ^saturation of less than 0 04 

m„,iequiva,en,s/g, provided that the sum of the number 

average molecular weights of alt of the polyether segments 

per molecule averages 6000 to 20,000 and 
»> 0 to 80% by weight , based on , he wejgh( Qf compo(Mnt 

a polyether containing one hydroxy! group and one or more 
polyether segments having a number average molecular 
weight of 1000 to 15,000, with 
b) an isocyanate component containing 

0 20 to 100% by weight, based on the weight of component b) 
of a compound containing two isocyanate groups and ' 
") 0 to 80% by weigh,, based on the weigh, of component b) of 
a compound containing one isocyanate group 
Provided tha, tote, percentages of a-ii, and b-ii, add up ,o at'leas, 1 o to 
form an .socyanate-containing reaction product and subsequently react™ 
th,s reaction product a, an equivalent ratio of isocyanate glps ,o 
■socyanate-reactive groups of 0.8:1 to 1.1:1 with " ' 
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c) 



ZZ°T COnta ' nin9 " l>0 *~~ 9 roup an d one 
. reacts s.iane groups in which at least 10 mole % of mm 

is a compound corresponding to the formu^ " C) 

<pOOR 2 

R^OC-CHRa-Cf^-NH-Y-S,— (X) 3 " (,) 
10 wherein 



represents identical or different organic groups which are 
rner, to isocyanate groups below 100»C, provided that at 
leasttwo of these groups are alkoxy or acyloxy groups, 
represents a linear or branched alkylene group containing , 
to 8 carbon atoms, 

R. and R 2 are identical or different and represent organic grouP s 
wh,ch are inert to isocyanate groups at a te mpera ,ure of 
WC or less and 

2" R 3 and R 4 are identical or different and represent hyd rog en or 

organic groups which are inert towards isocyanate groups a. 
a temperature of 100°C or less, 
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iTalln IT^ P0 ' ye,her Uremane a ' lea * * «»*« * 

.er m ,na, non-cyc„c urea/reacive silane groups corresponding ,o formula „ 




O (||) 



and converting the non-cyclic urea groups to cyclic urea groups by 
reacng the intermediate polyether urethane in the presence of an acid 
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catalys, and heat to form terminal cyclic urea/reactive silane oroun, 
corresponding to formuia III and/or formula ,V 9 P 



° -Si(X) 3 




R 3 ° R 1 

Formula III 

comooL J hePr0reSSOfC ' aim1Wherei " a «^sr50 m o, e o /o0f 
component c, ,s a compound corresponding to formuia . 

3. The process of Claim 1 wherein at least 80 mole % of 
component c) is a compound corresponding to formula I and 

represents identical or different alkoxy groups having 1 to 4 carbon 

Y represents a linear radical containing 2 to 4 carbon atoms or a 
branched radical containing 5 to 6 carbon atoms and 

and 1 " 2 Wen,iCal ° r and represent a.kyl groups having 

1 to 4 carbon atoms and 

R 3 and R 4 represent hydrogen. 

4 The process of Claim 1 wherein component a-i) is present in 
an a mount of 20 to 9Q% by wejght ^ ^ ^ ^ ^ 

and component a-ii) is present in an amount of 10 to 8 0 o/ 0 by weignt 
based on the weight of component a). ' 

5- The process of Claim 2 wherein component a-i) is present in 
an amount of 20 to 9 0 o/ 0 by weight, based on the weight of component a) 
and component a-ii) is present in an amount of 10 to 80<> /o by weight ' 
based on the weight of component a). 

6- The process of Claim 3 wherein component a-i) is present in 
an amount of 20 to 9 0 o/ o by weight, based on the weight of component a)- 
and component a-ii) is present in an amount of 1 0 to 8 0 o/ 0 by weight ' 
based on the weight of component a). 
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7. The process of Claim 1 wherein component b-i) is present in 
an a t Qf 2Q {q qq% by ^ ^ ^ ^ ) , ^present n 

and co b , f) js present jn ^ ^ . Po nent b), 

based on the weight of component b). 9 ' 

8. The process of Claim 2 wherein component b-i) is present in 
an amount of 20 to 90% by weight based on th • u 
9nH „ y we, 9 nt ' D ased on the weight of component bv 

and component M) js presen( , n an amoum ^ Ponen, b) , 

based on the weight of component b). 

10 a „ 9 ' ^"^"'^^^"^Ponentb-ijispresentin 
an a ou n , Qf 2Q ^ ^ ^ ^ ^ ^ ^ , p e s en 

and component b-ii) is present in en amount of 10 to 80% by welt 
based on the weight of component b). ' ' 

10. The process of Claim 1 wherein component a-i) is present in 
an amount o,30 ,0 80% by weigh,, based on the weigh, o, component a, 

15 component a,i, is present in an amoun, o, 20t o70% by weigh,, basedon 
the weight of component a). 

11. The process of Claim 2 wherein component a-i) is present i, 
an amoun, of 30 to 80% by weigh., based on the weight of component a) 
component a-ii, is present in an amount o,20 to 70% by weigh,, based on 

20 the weight of component a). 

12. The process of Claim 3 wherein component a-i) is present in 
an amount o, 30 to 80% by weight, based on the weight o, component a) 
component a-ii, is present in an amount of 20 ,o 70% by weight, based on 
the weight of component a). 

25 1 3. The process of Claim 1 wherein component b-i) is present in 

an amount of 30 to 80 o/ o by weight, based on the weight of component b)- 
component b-ii) is present in an amount of 20 to 70% by weight, based on 
the weight of component b). 



in 
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14. 



an amount of 2 «o P ^tt C, r I C ° mP ° nem iS » 

component b-«) is preset °" ° f ^P-en, o,; 

o ii; is present in an amount of 20 to 7n°/ k, 

the weight of component b) V WS ' 9ht ' based on 

component b-ii) j s present in o« 9 f com P° n ent b); 

- weigh, c Iponem o) ~ " " '° ^ «* °" 

and the po^sea "-^ ^ ^ ° f at teas < 6000 
K^yeiner segments of component a ii\ h ai « 

motecular weight of 3000 ,o 12.000 aVSra9e 

componln, a J^T" t ^ * Wher6in "* S °°™"* « 

and me po ""*" ^ - - — 6000 

nd the po.ye.her segments of oomponent a-ii) have a number average 
molecular weight of 3000 to 1 2,000. average 

component a t ^ ' Where ' n ""^ Se ^an.s of 

and 2 po )2T 3 " aVSra9e m0 ' eCU ' ar W9i9W « - 6000 
and the polyether segments of component a-ii, have a number average 
molecular weight of 3000 to 12,000. average 

19- The process of Claim 4 wherein the polyether segments of 
and .h polyether segmen(s of componen( have 
molecular weight of 3000 to 12,000. 

comn. 20 ' . PrOCSSS ° f C ' aim 1 ° Wherein ,he KW* segments of 

a d he I: " haVS 3 nUmbSr aVera9S ™^ * - lL 6000 

and the poiyether segments of component a-ii) have a number average 
molecular weight of 3000 to 1 2,000. 
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MO,s™ R E R S L F E 0 ^ PREPARATION OF 
ABSTRACT nc tu f DiscLORI |gg 

— IT" 5 7 PreParin9 3 m0iS,Ure — POIV— r urethane 

NCO OH eofT CyC ' iC S " ane 9 ™ ps b ' « an 

NUO OH equivalent ratio of 1.5:1 to 2 51 

nloxv, COmP ° nem COn ' ainin9 ° 3 POlye,her <~* two 

lvan a n ,r yana,e COmPOne^, C ° rtainin9 ° 3 two 

rrr p8, a io a compound — -^.0 gr L 

™ 9rOUPS '° "»»—«-*. groups of 0.8.1 ,o witn 

ouo ,o r P ° Und COn,ain ' n ° a " aSParta,e 9rou P and a motive silane 
cychc urea/react,ve s.lane groups and converting the non-oyolic urea 
grcups o cyciic urea groups by reacting the intermediate pother 



